Species have evolved diverse social behavior and mating strategies in response to selective forces in their environments. While promiscuity is the predominant mating strategy across most vertebrate taxa, convergent evolution of monogamous mating systems has occurred multiple times across distant lineages. Monogamous behavior is thought to be facilitated by a neurobiological capacity to form and maintain selective social attachments, or pair bonds, with a mating partner. The neural mechanisms of pair bonding behavior have been investigated most rigorously in Microtine rodents, which exhibit diverse social organizations. These studies have highlighted mesolimbic dopamine pathways, social neuropeptides (oxytocin and vasopressin), and other neural systems as integral factors in the formation, maintenance, and expression of pair bonds.
Introduction
The relationships we form with family, friends, and romantic partners are integral to the organization and function of human society. Though complex, these bonds comprise component processes that can be investigated across species. One excellent opportunity for investigating the neurobiological basis of social attachments is the independent evolution of pair bonding behavior across taxa. While sexual promiscuity is the dominant mating strategy in animals (exhibited by 95-97% of mammals), socially monogamous mating strategies have evolved in diverse lineages, including invertebrates, fishes, amphibians, reptiles, birds, and mammals. These systems are characterized by enduring, often lifelong, selective social attachments between mating partners, although not always sexual exclusivity. The underlying neurobiology of these pair bonds is the subject of this review.
Investigating pair bonding
The most powerful opportunities for investigating the biology of behavior are rooted in: firstly, phylogenetically distant species exhibiting convergent behavior, secondly, closely related species exhibiting strikingly divergent behavior, and thirdly, individual species exhibiting high levels of intraspecific variation in behavior. Within these contexts, comparative approaches can accelerate the identification of neurobiological, genetic, developmental, and evolutionary factors underlying the behavior in question [1] . Much of our understanding of the neurobiology of pair bonding has come from comparative approaches in all three contexts, particularly through investigations of the prairie vole, Microtus ochrogaster. The neurobiology of pair bonding in prairie voles will be a primary, but not exclusive, focus of this review.
The genus Microtus comprises many species with diverse social organizations. Prairie voles exhibit socially monogamous behavior as well as bi-parental care of offspring, selective aggression toward opposite-sex strangers, and depressive-like behavior following partner loss [2 ,3] . Prairie voles also exhibit a high degree of intraspecific variation in these behaviors; for example, both males and females can exhibit promiscuous 'wandering' phenotypes.
Interrogation of pair bonding in the laboratory was initiated through a series of experiments using the partner preference test, in which a subject can freely spend its time with its familiar mating partner, a novel sexually receptive individual, or in isolation in a 'neutral' zone [4] . These experiments demonstrated that after just 24 hours of co-habitation with a mate, prairie voles -unlike promiscuous montane or meadow voles -preferentially affiliate with their partner. These 'partner preferences' became a laboratory metric for pair bond formation, and neurobiological manipulations within this paradigm have identified unique molecular features of the prairie vole brain mediating selective social attachment.
Social neuropeptides in pair bonding
The social neuropeptides oxytocin (OT) and vasopressin (AVP) have deeply conserved roles in regulating sociosexual behavior across invertebrate and vertebrate taxa,
